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DATA AVAILABLE
a) A set of 104 fiducials is drawn on the walls of the chamber.
A survey has been made of those fiducials (see W. Smart for details).
b) Various sets of measured pictures coming from the three
hadron cameras. Averaging measurements give rise'to a measurement

error of the order of one to a few microns onto the film.

AXIS SYSTEMS DEFINITION

a) Chamber System.

Origin is near the center of the chamber, z-axis is vertical,
positive up, and x-axis is about along the beam, negative toward the
chamber's nose. The definition of that system comes from the fiducial
survey.

b) Camera System.

Origin is entrance pupil, z-axis is normal to the film plane,
positive toward it, x-axis is about the film path. Each camera system
is related to the chamber system by a set of 6 parameters XC,YC,ZC, 61,

92, 63. (See Appendix III.)



-2 - TM-458
2623.000

c) Film System.

This is the system where the measurement is made. It is
related to the camera system by 2 parameters X and Y, the codrdinates
of the optical axis in the film system.

After fitting the optics, that film system will be redefined by
requesting that X and v, be zero. (One can also request that 63 be
zZero. )

OPTICS DESCRIPTION

In the camera system a point X, Y, Z in space and its image x, y

are related by:

D,X D,Y
X = y = ! (1)
(Z-DZ) (Z-DZ)
. . 2 2 2
D1 and D2 being functionsof r =x +y . (2)

Equation (1) implies that an optical axis exists, all light rays intersecting

it. Equation (2) implies that this axis is a cylindrical-symmetric axis.

CAMERA DISTORTIONS
As the preceding may not be true, it is assumed that x and y are
related to the measured quantities X and Y through a mapping x = {

(x vy ), y=¢g (Xm, ym) which transforms a real film plane into an

m’ ‘m

ideal one where Egs. (1) and (2) hold.
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OPTICS' POLYNOMIAL EXPANSION

The functions D,, D

1> Dy f, and g may be expanded in a lot of

different ways. ‘We will try to satisfy the three following conditions:

1. The various parameters have an understandable meaning.

2. Those parameters being found by a fit over a set of measure-
ments, it would be nice to have them not correlated.

3. No parameter will have the same effect, at the first-order
level, than any other parameter; no singular or quasi-singular matrix
in the fit.

Saﬁsfjring condition (2).

2 2 g g
X = Zf-x(X,Y,Z)] +. .. with f = zxifi(xm, V)

To have no correlations needs that: = (fifj + gigj) 0‘51j’ or in other
f:
i

words that the set of 2-vectors f = |g.

i has to be orthogonal. The metric

is given by the set of measurements itself.

—fo;..m(r, 9) rdrd6 = &,. with x r cosh
ij ij m

Y r sin6

if m is a constant one gets some Bessel functions which are too time
consuming to use. So we will give up the complete orthogonality and

write down:

f=ZF (£)cosnb + G (r)sinnb .
n n
En and E‘:n are orthogonal to one another; each one will be expanded in

power of r the coefficients of each expansion being correlated among

themselves.
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Satisfying condition (1).

One has already gotten some insight with the F and G because we
have now a classification according to the kind of symmetry. Another
idea is to split radial and tangential components; this is because they
have different meanings as far as optic laws are concerned and because
it is easy to split the xz in its radial and tangential components and thus

see better the effect of the various parameters tried. So we will write

down:
n n_,
x=Rx ~-Ty +Za r cosnb +b_r sinnb
m m n n
n n_,
y=Ry +Tx +2Zb r cosnb -a r sinné
m m n n
cn s n , c c 2k
R=2ZR "rcosnfd +R_r sinnf; R =ZR _r
n n n nk
2
T=ZTCrncosn6» +Tsrnsinn9; RS=Z}RSI' k.
n n n nk

With these definitions R and T are polynomials in x and y. The
third and fourth kind of terms have been added in order to have all
possible polynomials for x and y. However they seem to be very
unlikely to appear in any true situation and we will try to avoid them.

Satisfying condition (3).

a) If D1, f, g is a solution, CDi’ cf, cg is also a solution, C being
any function of r. As the distortions are small enough, one good way to

choose C is to request that

2
2+R r4+...).

C CI‘
0,1 0,2

RO = 1, and D,1 = FQ“ +R
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b) If one made an infinitesimal rotation of the camera system with

respect to the chamber system:

= e R .
X =+ X +w X X,

one finds that this induces the following transformation:

X
—_ - + — -
X > X =Wy 1(oo,1y+mzx)+...

Yoyt egx +-—DZ—(-w1y+w X)+. .

1 2

So by inspection one finds that it should be requested that

COLD VERSUS WARM CHAMBER OPTIC
For a same image (X, y) onto the film, according to W. Smart,
the light-ray angles with respect to the optical axis are related by:
y =06+ AAsing,
where 6 is the cold angle and § the warm one. Translated in terms of
our optics description this means that one has

Dzvarm - D;:old _ AA(D? cold + XZ

with AA = 16.113 X 107>,

2.1/2
+y)/

OPTICS COMPUTER HANDLING
Appendix I gives the coding of the two routines PROPAG, computing

D, and D, and DISTOR, computing f and g; this coding is the one used

2,
by HYDRA geometry. Quite analogous coding is also available for LBCG.
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Appendix II displays the cards used to read in the data needed by PROPAG
and DISTOR.

Description of the title (Appendix II).

Block CAME contains for each camera the six parameters XCYC

ZC 61 92 93. The three blocks OPT1, OPT2, OPT3 refer to the three

cameras and contain data to be used by PROPAG and DISTOR. Those
blocks are stored in array Q (as is everything -else). For each of those
three blocks the meaning is the following:

QIPOP-1) 1 Type of optics (fisheye)

QIPOP) F0 = D1(0)

QIPOP+1) N, =1 Number of terms for D, expansion
Q(IPOP+2) 2O Last (and only) term of > expansion
QIPOP+Q(IPOP+1)+1) NT highest symmetry-1

ol
-~

For each symmetry n one has:

I

T oW

n-1  ("stretch')
n-1

A

M maximum-1 power in r
c

n, KM=-1
c
n, KM-2

=v v

n, 0
n, KM-1

R1r1, KM-2

n, 0

Tn, KM-1

'S
Tn, 0

*There is no room assigned for the following terms: Re



7. | TM-458

SUSRUNTT £ PRUPAG(IROF, X7) T L ‘ . 2623.0

DIMERS 1o vy (4) a o ~ APPENDIXTI - . 000
:~"COMNUTEF OPTINE PanAHETER AS FOLLDWY

L 22%z. e s e e e

Jluf’af‘ SPOELaRnRS enCn znuﬂo4+......
7l UY>YA CF FARgM MraSURETENY Tn 0p

. GeF0CAL LENGH
Fol AxIar LIGHT raYS o,

v}
TI”A‘

COMMON /251787 LABAOP, [OuaRK, 1260 1¢ba{T ’ 0
JZ”? NS 10 ET(3y, 249%y, Tneem ]

- RaulvyaLiacE 3 LUEET) CARER, L0 ki
conply /7 Qusﬂrqgs;.nﬂu ERCTY,LOMALN, L 03YS 3ar:tﬂ Y7y ' +§
LELLLO2, 033,004,005, L0686, L7, 08y, Loan,Load, L 0up P

aa (Xv(lseuzoxv(Z)anezlo(Ipupjene, .
(PsIHOPe  (IPLPeL ) ez
[Pe3* P
NeG(lP)Y
Az,
DO 2 13144
PRS2 FE3 0
AzlA*QUIP) )8R
xvts)--(*.+a)»o(1pap)
Xxyt4lzad, . - P . S
RETYNN
Ent 3 .
quQU“TI'E DISTORINYH, ¥FY R B e -
L\M”JTE‘ DISTARTIONS AS FALLOWS .
xr CONTAINS X, Y MEASUREMENT -ROW VALUES ON INPUT
—ﬁlST0<|FD Val.UES. .9y ouUTPUT . . o e
XF ) ey (1)0QAUXAL*XF(1)—TANFEAMTI"L°X (21#STREGH(1)
Xré?)?*F(Z!*RADIAL“XF(7)¢TA“F£ANT!FL%xr(1)'STREFM(”:
__ wWeERE L e s
STRECH(1)2SUM/N OF (ANSCOS(N#TY+anuSIr(NaT) ) oResN
STRECHI2)Y =SUMAN OF (ANSCOSIN#T)agN#SIN( e T) ) sRP oY
_RADTAL=SUM/N OF (REN2COSIN®TI*RSueS N NaTIL - e
TANGEAYTIEL=8UM/N OF (TCN2COS(NaTY+TSNaSIN(NeT)) '
h!TH RON=ZSUM/K OF RC»K*RﬂD(ZaﬂwN) AND ANALOGOUS FOR RSx,TAN, TSN

=AZIMUTH OF VECTOR XF .
zMODULLUS NF XF/FOCAL. LENGH FOR AXIAL LIGHT RAYS FB_ o

SoME OF THOSE PRECEDINGS ARE NOT INCLUNED TO RREVENT bLGFMr?ACY
Wil CAMERA'S POSITIAN AND ANGLES PARAMETERS, (S££ 4R1TE~l8)
COMMON/OPTICS/CAME(R,3),RM(9,3), IPOPT(3)

coMuUN /381757 10DROP, IGMARK, INGD,105604E, 10SYS, JECRET . o

; NIMENS AN TALESTL32Y, 0(99), 12099) _ _ +0

ENUIVALENGE (UEST,TQUEST), (LQUSFR,1G,8) +0

CuRMUN /7 QUESTU32),LOUSERCT ), LG AT, LGSYailéi,LOQQIV(7IV N

o L0o4,L082,L23,L04,105,006,L07,L0SVaL0ANLODK,LQUP Y
DIMENSION XF(2),CRT{2) ,XP(2) .

DEMENSIONY XX(2).5T7¢2)

COYPLEX CC,CR 0XaC8. U,
:G\«'IVAL[L cE (L,":CRT)I(LP XF’)'("XIXX):(QT S)

1RUPRIPOPTINY W)Y

1PEIPOP+2(1POPs1) 2 o . i R
NEsgiP)

IFENE,LTy1)  RETURM
XX EXF Ly 00IPORY - .
AXL2)=XF 23 /2 POP) ‘ :
R2ExX(1)%a2+XK(2) 882 :
_cp=CcX B SO

REERE 0L+ 1P oXXLAI+N(Z+1P)IRXN(2)

STI2V =02+ 1R )exX (LY =0(1+1P)aXX(2)

TP 3*P e R e
CRI(M)=1, i g K

CRT(Z) =g, .
IEANELLT2) . Go X0 . : . S
IPE1P+D(IP) 44

DO 3 1=2447

1s21% R e - S —
1pap* 1P T - :
N=3¢kp) S .

1pEi*IP. e i e L . e s e
TRONSLT.Y) 60 TD 2

D0 & K51.2 )

D04 MB3902 o i R D
az=i, .

TEtNsLT, 3y 00 TRB e

001 LElaen

az{aA* 1Py r0k2 )

[prg#+ P, T T

TFtegn d,anT,1.60,2) GO 10 ¢ :

AzhsQg )

lpeg* P

CRT¢K>'C?I(K)+A*XP<M>

cohtinUE

cpagFalx

“r<1)-%1(taﬁ'(1S:»%P(1)+”<'Hf1)hxpr?)

ST eS5T (Y el Pwlyuxp(*l~w(!n)6xﬂ(2)

cant Inug . SR,

coaplatxs0n

vpi1datrlciyeaeiPoe)

XF(2YeCRT (M 02 IR0P)

rETYRN

Enid
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APPENDIX I 6 000
geL 15T 15 ¢ VEENJITIV? ~
o CANSTANTS S¢T UP UN"1%/318/7% FOR BLOCHS
C CA“ERA;CAMFHpOPT1|9,3.
& FOR COLD ,99226.",8B03 APPLIFD 1“/4f73. U
# CAME 24  (3Fy¥, @/(r11.u.3il‘ ,ur4z.é>>
3 7

1y 0.=30,7443 -2 "744 P25 ,5069 #1134 TArEE0 =7, 00D

2 95,2544 73.9616 18%.654% ¥,1989 Ey3445 PLEnaY

3, 94,3562 -~71,7962 18%,235%2 %,1919 -2, 354G -7, A28
e _FIEL i (Fig.5) - B e e

13352

» CAMF 61 (F19,0/3(2F10,8/6(F18,2,2F18,5/)))

& )
3.451023 2168691
_.3.39547  ~2.69473
'307()@45 "1'99752
2,35144 1228426
2,18@82 2157294
=1,12194 -2,17359

6
3,42596  2.590p81
3,365%4 -~2,6/281
~3,B3718 ~-2,0%475

i

’
{

6
3.398724 2:69451
3,41883 ~2,62292
~3,78676 -2,£49223
1.67972 1:379178
-3,47697  2,5%487
-2.44724 -2,37556
r CARD NOT READ BuT uSEFUL
# oPTL 35 (Figr2/(4E15,8))
1

'

o«ma‘ums—*imemoumwmomaumc—-o—sm

1

6,86195390+01 z.mmgzwzﬁae+w1 G.07000080EYGR A,40003000F+51 ©
~2,187801976-03 2,40635242E-04 @,4700087¢7E+01 2.11155149E~2
£.87231279E-82 b,?357h7®eﬂ—“1 2_2“644u77€+@}—i B23BYL75F =04

“gV1A4316385 03 B, 12000000 EvT1 B 130034456 =97 1, 811571798 03 x
2, AREABOOAE+0-7,23262390E-22 B, @200 rE+Re 0, 27237275F 02 .
2.87342167E~04~3,694561128-04 p,p0 #8200 g0 3, 167”v 27E-73

“3,51847357E-04 2,02700050E+00 Q.0 2A000B0E490 L.O20BER70F Y
B EFOAATACELCE D,2erPan02E+T0 B,57326532E-04 7, 48777377E-93

 §.345555126-03-0,27768597E-03

@ oPT2 35 (F19,0/704E15.8))

1. §
 £.362847926+01 2,1790700gE+01 ,80000%02E400 2,400000008F+ 0 ]
~%.312200576-03-2,27788617E-04 2,41'0000H0E+1 2 15499543r £y f
“7,52470149F~33 c.3z733511i PDl=g,20662147E+20 2. GRRBILAAE 4D
»L-@ﬁ@?ﬁ%@ﬁEfﬂﬂ_ﬁmi?‘“ﬂEtGE+ﬂ1 0, 200020 80E+R0-0, 13692821F 12

2.33B13337E-03 2,21627624E-02 0,0 00827 0PE+00 2,735784995-23
2.20800000F+00 u,zpmsazomﬁ*@a B RUEreIAnEpg 2, 0000207 EF+70
;.838641PRF 24_2.,0020 kyx§+6z E.2TN7ETpoE @ 2L PARATAEE TN

BEBREACESAD O, 00 rntulebs T £,55144332E~94 #,64219579E~14
-a 49852799& P4 0,1953256pE-24
» oprs 35 (Fe8 A204E15,8))

2, 36261163F+w1 a,1en30e0cE+01 2, ﬁ"ﬂvcﬁeﬁs+ga 2,407003820C+91

~f.??3q@e3ar P3=0,73104563L -84 @, 40 0RAURNE+R] 1, 15269974F =01
1197414376-23 P ARe21157E S =g, 2F699720EYen 7, RREaRAare A

z SEEARRETE+NR a,1ec0n200E+01 2,37439017E~03 {.1954?555;~V3

“8 L 13653280F~p3-0,52085847E ﬂ;f@umkasﬂf@ﬂE*@P A,3249572aF-03

4.n“ﬁﬂ?ﬂ3“F*Uﬁ PLRENENRYat @0 0, pUANArAPEYRE T UDTNRPRREr+AN
JAR3A2720E~04 3, 000000000+00 #,g0R007ArEean 2L ANIRAZAr U]

POCABRAQE A 0,27 fplipb e Bg @, 1760R950E P4 T, UQTENR AR YN

,,»1vagnumf+m@~t.12575/b7h a4




-9- TM=~-458
2623.,000

APPENDIX II1
CAMERA SYSTEM TO CHAMBER SYSTEM TRANSFORMATION

The rotation between camera system and chamber system is made

with a rotation matrix in the following way:
X! =x' +R_ ¥ ,
chamber ¢ ij “camera

R being the following matrix:
cos@icose3 s cose1 sm93 s smG1

-cos@Z s11193-sur191 51n62cos93, cosezcost93—81n01 s1n62 sm93, cose1 sme2
cos93-—sm6100802 sm93, 0089100892

sind s1n03—s1n01 cosezcos03, -sme2

2
0
As an example, the vector 0 optical axis in the camera system
1 sin6

will be transformed in the chamber system as cos@, sinf, .
coseicos >



